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Sods on three toposequences In  Anyer, Canta and Saketl areas In Banten Provi nce, 
West Java, and sOIl on Rakata Island (Krakatau volcano) I n  Sunda Strait, IndoneSIa 
have been sampled for pedogenetlc study and classificatIOn The sOils In Banten 
developed on the slope of the Quaternary volcaniC complex and the sedimentary 
faCIes with dltferent annual rainfall and vegetation The objectives of this study were 
to determi ne the SOIl physIcal, chemical, mmeraloglcal and micromorphological 
propertle�, to study the genesIs of the solis, to determ i ne the effects of the Krakatau 
ash and to claSSi fy the �olls according to Soli Taxonomy and World Reference Base 
r he rc<,ults showed that all the �oll'i on the �lope of volcaniC complex have been 
<,trongly weathered to form yellowl�h brown to red deep soli" With high clay content , 
low pH, low ba�e and various CEC Mi neralogical characterlstlc� of these so"� 
consl�t of dominant kaolinite In the clay fractlOn�, cry"tobahte and quartz In the silt 
fractions and opaque m i nerals In the sand fractIOns The mineralogical charactenstlcs 
indicate that most of the solis may be formed from andesltlc volcaniC ash The 
II 
relative higher amount of weatherable minerals with pumice in the surface horizon 
confirmed that the soils were rejuvenated by fresh volcanic ash from the eruption of 
Krakatau volcano in 1883. The efTects of the Krakatau ash were not shown at the 
soils on the lower slope of the Saketi toposequence. These soils developed from 
sedimentary facies which were comprised of acid tuff, claystone and sandstone. 
These soils are characterised by yellowish brown colour, clay textured B horizons 
with various sand content with depth, low pH, low base and various CEC. 
Pedogenesis processes of these soils were strongly influenced by the parent material, 
climate and vegetation. Clay illuviation was more evident in the Anyer soils where 
rainfall is lower compared to Carita and Saketi Soils. In contrast, pedoturbation and 
homogenisation increase with the wetter climate and forest vegetation in Carita and 
Saketi. Soils on sedimentary facies in Saketi consist of relatively high quartz sand 
fraction and more yellow colour than the soils on andesitic volcanic ash. The addition of 
Krakatau ash in 1883 has caused an increase in exchangeable bases, sand and silt 
fractions especially in Anyer and higher amount of amorphous materials in the soils at 
higher elevation of Saketi toposequence. Soils in Anyer were classified as Typic 
Paleudults according to Soil Taxonomy (Soil Survey Staff, 1999) or Abruptic Acrisols 
according to World Reterence Base (lSSS-ISRrC-FAO, 1998). While in Saketi, the 
soils which developed on sedimentary facies were classitied as Typic Paleudults, but as 
Profondic Acrisols or Luvisols according to the World Reference Base. Volcanic soils 
under torest at the lower elevation in Carita can be c1assitied as Andic Tropudults or 
Humic Acrisols and as Andic Dystrudepts at the higher elevation. 
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Satu kajian ke atas tanah-tanah di tiga toposekuens di kawasan Anyer, Carita dan 
Saketi di Banten Province, Jawa Barat, dan ke atas tanah di Pulau Rakata (Gunung 
berapi Krakatau) di Selat Sunda, Indonesia telah diambil contohnya untuk 
penyelidikan pedogenetik dan pengelasan. Tanah-tanah ini telah terbentuk atas eerun 
kompleks Kuatemer gunung berapi dan fasis endapan yang menerima eurahan hll:lan 
yang berlaman dan berbeza tumbuhan. Objektif kajian ini ialah untuk mcnentuJ...an 
sifat fizik, kimia, mineralogi dan mikromorfologl, mengkaji genesIs tanah-tanah Int. 
mengenalpasti pengaruh bahan abu Krakatau ke atas sifat tanah dan mengclasJ...an 
tanah ini mengikut <;ystem pcngelasan 'Soll Taxonomy' dan 'World Reference 
Base' 
KaJlan mi telah menunJukkan bahawa semua tanah atas eerun kompleks Kuatcmcr 
,brunung berapl telah terluluhhawa membentuk tanah dalam berwama eoklat kekunmgan 
sam pal merah dengan kandungan lempung tmggl, pH yang rendah, bes bertukargantt 
rendah dan KPK Julat bervanasl Sifat-sifat mmeral pacta tanah-tanah ml menunJukkan 
IV 
bahawa kebanyakan tanah-tanah ini terbentuk daripada abu volkanik andesit. Banyak 
mineral yang senang terluluhawa dengan pumis dalam horison atas dapat dipastikan 
bahawa tanah-tanah ini telah menerima bahan abu daripada letusan gunung berapi 
Krakatau pada tahun 1883. Kesan-kesan daripada abu Krakatau tak ditunjukkan pada 
tanah-tanah atas cerun bawah Saketi toposekuen. Tanah-tanah ini berkembang daripada 
tasis endapan yang mengandungi tuf masam , batu lempung dan batu pasir. Tanah-tanah 
ini dicirikan oleh warna coklat kekuninb'IDl, horison B bertekstur lempung dengan variasi 
kandungan peringkat pasir, pH rendah, base bertukarganti rendah dan variasi KPK juJat. 
Proses-proses pedogenesis sangat dipengaruhi oleh bahan induk, iklim and tumbuh­
tumbuhan. I1uviasi lempung lebih jelas temampak pada tanah Anyer di mana 
curahan hujan lebih rendah daripada di kawasan Carita dan Saketi. Sebaliknya pula, 
gangguan tanah meningkat di kawasan yang lebih lembab dan di hutan seperti di 
Carita dan Saketi. Penambahan abu volkanik daripada letusan Krakatau pada 1883 
telah meningkatkan bes tukarganti, kandungan pasir dan kelodak terutama sekali di 
Anyer. Kandungan bahan amorfus pula meningkat pada tanah di kawasan tinggi di 
Saketi. Tanah-tanah di Anyer dikelaskan Typic Pa/eudulls mengikut "Soil Taxonomy" 
(Soil Survey Statf, 1999) atau Ahrupllc Acn'W/s mengikut "World Reference Base" 
(fSSS-ISRIC-FAO, 1998). Tanah-tanah daripada fasts cndapan di Saketi juga 
dikcJaskan sebagai Typic Paleudulls, tetapi sebagai Projimlile Aenm/s atau /,UVI.W/S 
mengikut "World Reference Base". Tanah-tanah volkanik di kawasan rendah hutan 
Carita dikelaskan sebagai Andlc KandJUdu/ts atau Humic ;/ertso/s dan sebagal Andie 
[�vs(ropep(s atau ( 'hromu: ( 'amhl.m/s di kawasan tmggi. 
v 
ACKNOWLEGEMENTS 
r wish to express my deep gratitude to my promoter, Prof Dr G STOOP� Co­
ordinator of the project PhD Training for SE-Aslan So" SCientists and HCJd of 
Department of Geology and SOIl SCience, Ghent Untverslty, BelgIUm for accepting 
me as a PhD student, accommodating and gUiding me, especIally dunng a �tudy VI�lt 
at Gent Untverslty 
[am also grateful to Assoc Prof Dr SITI ZAUYAH DARUS, Head of Department 
of Land Management, Agnculture Faculty, Untversltl Putra Malaysia (UPM) for 
supervISing me as a Ph D student and gUIding me from the bel:,tJnntng to the last step 
of this study WIthout her constant help, thIS study would not have been possIble 
r also wIsh to acknowledge Prof Dr SHAMSHUDDIN JUSOP and Dr CHE 
FAUZIAH ISHAK In the Department of Land Management, Agnculture Faculty, 
UPM for the helpful comments, suggestIOns, and assIstance dunng my �tudy In 
UPM, MalaysIa 
I am also very thankful to the staff of the laboratories of Mineralogy and 
Mlcropedology In Department of Land Management, UPM who have k mdly 
Introduced me to the vanou� laboratory procedures and techntques that made all my 
laboratory work much easier 
Many thanh goe� to Prof Dr E VAN RANST In Department of Geology dnd Sorl 
SCience, Ghent Untver<;lty, for hiS help In the mineralogical analysl'" by XRD 
tchnlque r am also very thankful to the staff In the Mineralogy, Petrologv, Jnd 
Mlcropedology Laboratone�, who have kmdly Introduced me to the IdbordtOry 
procedures and techmque� thdt mdde my Idboratory work much ed�ler 
Finally, my sincere gratitude to Dr ABDURACHMAN ADr, Director of Center or 
SOil and Agrocltmate Research, 80gor, IndoneSia and hiS staff tor theIr support and 
assIstance dUring the tieldwork and laboratory analyses In 80gor, IndoneSia 
'vI 
[ certity that an ExaminatIon CommIttee met on 13th June 2002 to conduct the tinal 
examination of Achmad Fauzl [sa on hIs Doctor of Philosophy thesIs entitled 
"Pedogenesis and Classification of SOils in Banten, West Java. Indonesia" in 
accordance wIth Universitl Pertaman Malaysia (HIgher Degree) Act \980 and 
Universitl Pertanian Malaysia (Higher Degree) Regulations 1981. The Committee 
recommends that the candidate be awarded the relevant degree, Members of the 
Examination CommIttee are as follows: 
HAMDAN JOL, Ph.D. 
AssocIate Professor, 
Faculty of AgrIculture, 
Universlti Putra Malaysia 
(Chairman) 
SITI ZAUYAH DARUS, Ph.D. 
Associate Professor, 
Faculty of Agriculture, 
Universiti Putra Malaysia 
( Member) 
GEORGES STOOPS, Ph.D. 
Professor, 
Faculty of Science, 
Ghent UniverSIty 
(Member) 
SHAMSHUDDIN JUSOP, Ph.D. 
Protessor, 
Faculty of Ab'TlCulture, 
Universitl Putra Malaysia 
(Member) 
eHE FAUZIAH ISHA� Ph.D. 
Faculty of Ab'TlCulture, 
UmversltI Putra MalaYSia 
(Member) 
ANIZAN ISAHA� Ph.D. 
Associate Protessor, 
Facul ty of SCience and Technology, 
Umversltl Kebangsaan MalaYSIa 
(Independent Exammer) 
�MSlIERMOHAMAD RXMADILI, Ph.D. 
Professor/Deputy Dean 
School of Graduate Studies 
Umversltl Putra MalaYSia 
Date' 24 ALG 2002 
Vll 
This thesis submitted to the Senate of Universiti Putra Malaysia has been accepted as 
fulfilment of the requirements for the debr ee of Doctor of Philosophy_ The members 
of the Supervisory Committee are as follows: 
SITI ZA UY AH DARUS. Ph.D. 
Associate Professor, 
Faculty of Agriculture, 
Universiti Putra Malaysia 
(Chairman) 
SHAMSHUDDIN JUSOP. Ph.D. 
Professor, 
Faculty of Agriculture, 
Universiti Putra Malaysia 
(Member) 
CRE FAUZIAR ISHAK, Ph.D. 
Faculty of Agriculture, 
Universiti Putra Malaysia 
(Member) 
GEORGES STOOPS, Ph.D. 
Professor, 
Faculty of Science, 
Ghent University 
(Member) 
AINI IDERIS. Ph.D. 
Protessor/Dean 
School of Graduate Studies 




I hereby declare that the thesis is based on my original work except for quotations 
and citations that have been duly acknowledged. [ also declare that it has not been 
previously or concurrently submitted for any other degree at UPM or other 
institutions. 
IX 
ACHMAD FAUZI ISA 
Date: 24 AUG 2002 
TABLE OF CONTENTS 
Page 
ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .... . . .. . . . . .  II 
ABSTRAK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IV 
ACKNOWLEGEMENTS . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . ... . . . . . . .. . . . . . . .. . . . .  VI 
APPROVAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . VII 
DECL ARATION . . . . .  , .... . , .... ... ... '" '" .... , . ... ... ... ... ... '" ... '" '" ... ... .... IX 
LIST O F  TABLES . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . XIII 




LITERATURE REVIEW .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 
2. t Soil Forming Processes . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
2.1. t Soil Physical Processes . . . . . . . . . .. . . . . . . . . .. . . . . . . . .  . . 
2.1.2 Soil Chemical Processes . .  ' "  . . . . . , . . . . . . . . . . . . . . . . . . . . . .. . . .  
2. 1.3 Soil Biological Processes ... .. . .. . . . . . . . . . . . . . . . . . . . . . 
2. 1.4 Weathering Profile and Pedogenesis Processes . . . . . . . .  . 
2.2 Morphology and Properties of Volcanic Soils 
2.2. t Morpholob'Y . .  ' " . . . . .  , . . , . "  . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .  . 
2.2.2 Physical Properties . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  . 
2.2.3 Chemical Properties . . . . . . . . . . . . . . . . . . . . ... . . . . . . . .  . 
2.2 .4 Mineralogical Properties . . . . . . . . . . . . . . . . . . . ... . . . . . . .  . 
2 .2.5 Micromorphological Properties . . . . . . . . . . .. . . . . . . . . . . .  . .  
2.3 Classification of Volcanic Soils . . . . . . . . . . . . . . . .. . . .... . . . . . 
2.3. I Soil Classitication According to Soil Taxonomy . . . . .. . . 
2.3.2 Soil Classitication According to World Reterence Base 
2 .3.3 Soil Classification According to Indonesian Soil 
C lassification . . . . . . . . . . . .. . . . . . . . . . . . . . . . ... . . . . . . . . . . .  . 
2.4 Volcanic Activities and Soils in Indonesia . . . . . . . . . . , . . . ... . . . . . .. 




















2.4.2 Volcanic Soils in Indonesia... ... ... ... ...... ... ... ... ... .... 2.38 
2.4.3 Parent Materials and Soils in Santen, West Java... . .  .... 2.40 
DESCRIPTION OF THE STUDY AREA ... ... ............ ... ......... . .. 
3. I Location . . . . . . . . . .. ..... . . . . . . . . . . . . ..... . .. ... ...... ......... . 
3 .2 Geolob'Y and Geomorphology of the Study Area '" .. , . . .  " . . . . 
3 .2. 1 Geolob'Y ...... . . .. ... ...... ............ ... ......... ' "  ... .. . . .  
3.2.2 Geomorpholob'Y . . . ..... . ..... ...... ... .. . ..... ... ....... . 
3.2.3 The 1883 Krakatau Ash Deposits ... . . ... ...... . . ... . . . . 
Climate . . ... . . . . . . . . ... . . .. . . . . ... . .. .. . . ... . ........ . . .... . 




... .... -'.J 








3.3.2 Temperature and Potential Evapotranspiration ...... ..... 3.8 
3 .3 .3 Classification of Climate . . . .. . . .. . . . .. .  '" ... . , .... .. , .. , '" . 3.11 
3.4 Soil Types ., . .. , ., ....... '" ...... ...... ... ...... ... ... ........ , '" ... ... 3. 13 
3.5 Vegetation and Land use .. ...... .. ...... .. . .. : .. ......... '" ......... 3.14 
MATERIALS AND METHODS . . . . . . . . . . . . . . . . . . . .... . .. . . . . . .. . . . . . . . . . . .  . 
4. 1 Field Methods . . .  ' "  ... . . . ' " .. . . .  , . . .  ' "  ... . .. . .. ... .. .  ' " . . . ... ... . .. .  . 
4.1.1 Surveyed Areas and Soil Sites . . . . . . . . . ... . . . . . .  ' "  . .. .  , .. . .  . 
4. 1 . 2  Soil Samples . . . .. . .. . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . ... ' " . .... . 
4.2 Laboratory Methods . .. . . . . . . . . ... . .. ... ... ... . .. . . . . . . . . . . . . .. . . . . . . . 
4. 2. 1  Chemical Analysis . . . . . . . . . . . . . . . .. . . . . . . . . . . ... . . . ... . . . . . . .  . 
4.2.2 Physical Analysis . . . . . . ... . . . .. . . . . . . . . . . . . . . . . ... . . . ... . . . . .  . 
4. 2. 3 Mineralogical Analysis . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . ... . . 
4. 2.4 Micromorphological Analysis .. . .. ..  , . . . . . .. . . . .. .  ' " . .. .. . 
PEDOGENESIS AND CLASSIFICATION OF SOILS OF THE 
ANYER TOPOSEQUENCE . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
5.1 Soil  Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
5. 1 . 1  Morphological Properties of Soil Profiles . . .  ' "  . . . . . .  ' "  . . . 
5.1.2 Physical Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' "  .. . 
5. 1.3 Chemical Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5.1 .4 Mineralogical Properties . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . .  . 
5. 1.5 Micromorphological Properties ... . . . . . . . . . . . . . . . . . . . . . . . .. . 
5. 1. 6 Discussion . . . . . . ... . " . . . . . . . . . . . , .. .  ' "  ' "  . .. .. , . . . ... . . .  ' "  . . , 
5.2 Pedogenesis of the Studied Soils . . . . . . ... ..... . . . . . . . ... . . . . . . .. . . .  . 
5.2.1 Soil Forming Factors and Processes ............ ... ........ . 
5.2.2 Etfects of the 1883's Krakatau Ash ., . . . . ' "  ., . . . . ' " ..... . 
5.2. 3 Discussion . . . . . . . . .  ' " . . . . , . ' "  ... . .. . . ... . ... ... ' "  ..... , . ... .  . 
5.3 Soil Classification . . . .. . .. . . . . .. .. . . . . .. . . . . . . . .. . . .. .. . . .. . . . . . . ... . . . 
53.1 Soil Classification According to Soil Ta.xonomy ., . .. , .. . 
5.3.2 Soil Classification According to World Reference Base .. 
5.3.3 Soil Classitication According to Indonesian Soil 
Classification ...... ... ...... ........................ ...... .... . 
5.3.4 Discussion ... ... ... ... ... .. , ' " ... . . . ... ' " .. . ... ' " .. , ... '" .. . 
PEDOGENESIS AND CLASSIFlCA nON OF SOILS OF THE 
CARITA TOPOSEQUENCE . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . .. . ...  
6. I Soil Properties ... ......... ... ... ... ...... ... ... ....................... . 
6. l .  1 Morphological Properties of Soil Profiles ... ' " ...... ' " . . 
6.1.2 Physical Properties ... ... ............ ............ ...... ..... . . 
6.1.3 Chemical Properties ... ... ... ...... ... ... ... ...... ... ... ... .. . 
6.1.4 Mineralogical Properties ... ...... ... ... ............... ... .. . 
6.1.5 Micromorphological Properties ............ .... ..... . .... . . 
6. 1.6 Discussion ... ...... ... ... ...... ...... ... ...... ... ... ...... .... . 
6.2 Pedogenesis of the Studied Soils . . . ... ... .. . ... . . .. . . ....... . ... .. . 
6.2.1 Soil Forming Factors and Processes ....................... . 






































6.2.3 Discussion . . ... . ... '" ... ...... '" ...... '" ... ... ... ... ... .. .... 6 .33 
6.3 Soil Classification .... .. . .. ... ... ... ... .. . ......... . ... . ..... ....... . 6.34 
6.3.1 Soil Classification According to Soil Taxonomy ......... 6.34 
Xl 
6.3.2 Soil Classification According to World Reference Bas� " 6.37 
6.3.3 Soil Classification According to Indonesian Soil 
Classification ... . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . .. .. . . . . .. . .. .. . 6.39 
6.3.4 Discussion . . . .. . . .... . . . . . . . . . . .. . . . . . . . .. . .... . . ... .. . . . . 6.40 
7 PEDOGENESIS AND CLAS S IFICATION OF SOILS OF THE 
S AKETI TOPOSEQUENCE . . . .. . . . . . . . .. . . . . .. . . . . . . . . . . . . ..... . . . . . . . . . . . 7.1 
7.1 Soil Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7. 1 
7.1.1 Morphological Properties of Soil Profiles . . . . . . . . . ... . . . .. 7.1 
7.1.2 Physical Properties .. . . . . . . . . .. . . . . . ... . . . . .. . . . . . . . . . ... . . .. 7.5 
7.1.3 Chemical Properties . . . . .. . . . . . . .. . . ... .. . . . . . . . . . . . . .. . . . . . .. 7.8 
7.1.4 Mineralogical Properties .. . . . . .. . . .. . . . . . . . . . . .. . . . . . . . . . . . .  7. \0 
7.1.5 Micromorphological Properties .. . . . . . . . . . . . . . . .. . . . . .... . . 7.21 
7. 1.6 Discussion .. . . . . . .. .. . . . . . " ......... '" ... '" ... ... ... ... ..... 7.29 
7.2 Pedogenesis of the Studied Soils . . . . . . .. . . . . . . . . . . . . . .. . .. . . . . .. . . . .  7.31 
7.2.1 Weathering of Minerals .. . .. . . . . . .. . . . . . . . . . . . . ... .. . . . . . . . .. 7.31 
7.2.2 Clay I l luviation . . . . . . .. . . . . . . . . .. ... ... . . . ... . . . . . .. . . . . . . . . . . 7.33 
7.2.3 Biology Activities . . . .. . . . .. . . ... . . . . . . .. . . . . . .. . . . . . . . . . .. . .. 7.33 
7.3 Soil Classification . ... . . . . . . . . . . . . .. . . . . . .. .. . . .. . . . ...... . . . .. . . . . ... . . . 7.35 
7.3. L Soil Classification According to Soil Taxonomy ... . . . . . .  7.35 
7.3.2 Soil Classification According to World Reference Base. .  7.37 
7.3.3 Soil Classification According to Indonesian Soil 
Classification .. . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . .. .. . . . . . . . . . 7.39 
7.3.4 Discussion .. . . .. . .. '" ... . " ... ... ..... .... '" ... ... ... ... ..... 7.40 
8 GENERAL DISCUS SION . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .  8.1 
8. 1 Soil Morphology . .. . . . . . . . . . . . . . ... . . . ... . . . . . . . . . . . . . . . . . . . .. . . . . . . .  8.1 
8.2 Physical Properties .. . .. . . . . . . .. . . .. . .. . . . . . . . . . .. . .. .. . . . . . . .. ... . . . . 8.2 
8.3 Chemical Properties . . . . . . . . . .. . . .. . . . . .. . . .. .. .. .. . . . . . . . ..... . .. . 8.4 
8.4 Mineraloh'Y . . . . . . . . . . . .  " ." ... '" ..................... '" '" ... ... ... .. 8. J 0 
8.5 The Effects of Krakatau Ash . ... . . .. . ... . . . .. .. . . .. . . . .. . . . . . . . . .. . .  8. 11 
8. 6 Weathering Index . . . . . . . . . . . . . . . . .. . . . . . . ... . . . .. .. .. . . . . . . .. . . . . . . . .  8.12 
8.7 Micromorpholoh'Y . . .  " . '" ...... ..... , ... ...... ... ... ......... ...... '" 8. 14 
8.8 Soil Classification ............ ............... ............ ...... ... ...... 8.15 
8.9 Recommendation for Management of the Soils . . . . .. . " . . .. . . . .. . . 8. 17 
9 CONCLUSIONS ... .. , ... ... ... '" '" ... ... ... ... ... ... ... ... ... ... ... ... ... ... 9. II 
REFERENCES R.I 
APPENDICES 
A Protile Description and Laboratory Data of Anyer Soils... .. . ... A 1 
B Protile Description and Laboratory Data of Carita Soils... ... ... ... ... . AI 0 
C Profile Description and Laboratory Data of Saketi Soils .. . . . . . . . ' .. '" . A 19 
D Protile Description and Laboratory Data of Soils on the Krakatau 
Volcano (Rakata Island) . .. . ..... .. . . . .... .. . .... . . .. . . . . . .. . ........ ". ..... A31 
E Land Evaluation of the Profile Data ... ......... ...... ... ... ... ... ......... A 34 
Xli 
LIST OF TABLES 
Table Page 
2.1 Weathering product of some minerals ... '" ... ... ...... ... '" ... '" ... .... 2. 6 
2. 2 The distribution and possible ages of the calderas along the 
Indonesian volcanic belt (Katili, 1983) '" ... ... . , . ......... . , . ... .. , ..... 2.38 
3.1 Chemical composition of pumice clast from the 1883's Krakatau 
eruption ... .. . ... ... .. . . . . ............ ... ......... ... . .. ... . . . ... ... ...... . . .  ... 3.7 
3. 2 Average monthly rainfall (mm) in the study area ... ... '" ... . , . .  ,. ..... 3.8 
3.3 Monthly temperature (T), rainfall (R), and potential evapotranspiration 
(PET) at Serang ............................................................... 3.9 
3.4 Rainfall and climate types of the study area (Schmidt and Ferguson, 
1951 ) ...... ...... ... ... ... ... :.. ... ...... ...... ... ...... ... ... ...... ... ........ 3.11 
4.1 Number of soil profiles and soil samples from the study locations... 4.4 
5.1 Morphological properties of the studied soils on Anyer 
toposequence ... ... ...... '" '" ... ... ......... '" ... ... ... '" ... ........ , ..... 5.3 
5.2 Particle-size distribution and textural classes of the studied soils of 
the Anyer toposequence . .  '" '" . . . . . . . . .  '" . .  , '" . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . . 5 .5  
5 .3 Some physical properties of soils of Anyer toposequence ... ........ .. 5.7 
5.4 Soil pH, organic carbon, exchangeable AI and bases, CEC, and 
etfective CEC of soils in Anyer, Santen .. . .. . '" . . .  '" . . .  . . .  . . .  . . .  . . .  . . .  5 .8  
5.5 Mineralogical composition of the total sand fractions of the Anyer soils 5.10 
5.6 Mineralogical composition of si l t  fractions in Anyer soils as 
identified by XRD analysis . . .  '" '" '" ... ...... ... ...... .... , . ... ... ... '" 5. 15 
5.7 Mineralogical composition of the clay fractions in Anyer soils as 
identitied by XRD analysis . . . . . . '" . . .  . . .  . . . . . . . . . . . .  . . . . . .  . .. . . .  . . .  . .. . . .  5 .22 
5.8 Micromorphological teatures of profile A I  and A2 . . . . . . '" ... ... ..... 5.26 
5 .9 Micromorphological features of pro tile A3 . . . . . . ... . . .  . . . .. . . . .  . . .  . . .  . . .  5 .27 
5 .10 The ratio of silt, FeJFed and effective CEC in relation to th e 
elevation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.34 
5 .11 Soil properties on the Rakata island and the Anyer toposequence . . . . . 5.39 
Xtll 
5 12 EvaluatIOn of sOil properties for detenmnatlon of molhc, umbnc and 
ochnc eplpedon 5 40 
5 13 Evaluation of sot! properties tor determmatlOn of a camblc, an 
argIllic and a kandlc honzon 541 
5 14 DIagnostIc honzons and classIficatIOn of Anyer SOIls 542 
5 15 DiagnostIc honzons of the studIed sol is 5 43 
5 16 Soil groups and lower level Units of the studIed SOils In WRB 
classIficatIon (F AO, 1998) 5 44 
5 17 Sot! b1fOUps and lower level Unit of the studied SOils In [ndoneslan 
SOIl classIficatIon (Suhardjo et at, 1983) 545 
5 18 Classification of the the profiles In Banten area according to SOil 
Taxonomy, World Reference Base and NatIOnal ClaSSIficatIon 5 46 
6 I Morphologtcal propertIes of SOils on Canta toposequence 6 3 
6 2 Particle-size dlstnbutlOn and textural classes of the studied sods of 
the Canta toposequence 65 
6 3 PhYSical analYSIS of studied sotls of Canta toposequence 6 6 
6 4 The chemIcal data of pH, organic carbon, exchangeable AI and 
bases, CEC, and effectIve CEC of SOils In Canta, Banten 6 8 
65 Mineralogical compositIOn of the sand fractions of the Canta solis 69 
6 6 The relative abundance of mmerals In the Silt fractlOns of each 
profile on Canta toposequnce as Identified by XRD analYSIS 6 I I 
6 7 RelatIve abundance of mmerals m the untreated clay tractIons of 
Canta SOils as ,dentltied by XRD analYSIS 6 17 
68 MIcromorpho logIcal features of profile Cl m Canta 622 
6 9 MIcromorphologIcal features o f  profile C2 m Canta 6 23 
6 10 Micromorphological features of profile C3 In Canta 624 
6 I I  The ratio of Silt to clay, Fen to Fed and FeZO, to Silt and Fe20, to clay 
m Canta sods 6 30 
6 12 Companson of some propertIes of Rakata and Canta SOlIs 6 32 
6 13 EvaluatlOn of SOIl propertIes for detenmnatlOn of a molhc, an 
umbnc and an ochnc eplpedon 6 35 
XIV 
6.14 Evaluation of soil pr operties for deter mination of a carnbic, an 
argillic and a kandic horizon . . . ... . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 6.35 
6.15 Diagnostic horizons and classification of Car ita soils in the gr oups 
and family levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.37 
6.16 Diagnostic hor izons of the studied soils . . . . . . . . . . . . . . . . . . . .. ... ... ... .... 6.38 
6.17 Soil groups and lower level units of the studied soils in WRB 
classification (lSSS-ISRIC-F AO, 1998) ...... ... ... ... ...... ... ......... 6.39 
6.18 Soil groups and lower level units of the studied soils according to 
the national soil classification (Suhardjo el a/., 1983) ... ... ... ... ...... 6.39 
6.19 Classification of the thr ee profiles in Carita according to Soil 
Taxonomy, World Reference Base and National Classification . . . .... 6.40 
7.1 Morphological properties of Saketi soils, Banten . . . . . . . . . . . . .  ,. ... ..... 7.3 
7.2 The particle-size distribution and textural classes of the studied soils 
of the Saketi toposequence . . . .. . . . . .. . . . . . . . . .. . .. . . . . . . . . . . . . . . . ... . . . . . . .  7.6 
7.3 The physical analysis in the studied soils . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . 7.7 
7.4 The chemical properties of the studied soils in Saketi . . . . . . . . . . . . . . . . . .  7.9 
7.5 Acid oxalate and DCB extr actable Fe and AI of each soil... . . .  ... ... .. 7.10 
7.6 Miner alogical composition of the sand fr actions . . . . . . .. . . . . . . . . . . ..... 7. (I 
7.7 Relative abundance of miner als in the silt fr actions of Saketi soils as 
identified by XRD analysis . . . . .. . . . . . . . . . . .. . .. . . . . . . . . .. . . . . . . . . . . . . . . ... 7.12 
7.8 Mineralogical composition of the clay fractions in Saketi soils as 
identified by XRD analysis ........................ ...... ... ............... 7. 19 
7.9 Micr omorphological featur es of pr ofile S 1 . . . . . . . .. . . . . . . . . . . . . . .. .. . .. . 7.22 
7.10 Micr omorphological featur es of profile S2 ... ... ... ... ...... ...... ....... 7.24 
7. 1 1  Micromorphological features of profile S3 and S4 .... .. ... ... .. . .. . ... 7.27 
7. 12 Evaluation of soil pr oper ties for deter mination of a mollie, an 
umbr ic and an ochr ic epipedon .. . . . . ... . . . . . .. . . . .. . . . ... . . . ... . . . ... ..... 7.35 
7. I3 Evaluation of soil properties for determmation of subsurface 
diab'110stic hor izons ... . .. . . . . . . ... . .. . ... . . ... ... . .. ... . .. .. . .. . . . . .... ...... 7.36 
7.14 Diagnostic hor izons and classification of Saketi soils . .. . . . . .. . . . ... ... 7.37 
xv 
7.15 Diagnostic horizons of the studied soils ... . .. '" ... ... '" '" .,. ... ... ... 7.38 
7. 16 Soil groups and lower level units of the studied soils in WRB 
cIassitication (lSSS-ISRIC-FAO, 1998) ... . .. . . . ... . . . ...... ... . . ....... 7.39 
7.17 Soil groups and lower level units of the studied soils in Indonesian 
soil classification (Suhardjo et al., 1983) ... . .. . . . . . . ... ... ... ... ... ... '" 7.40 
7.18 Classification of the three profiles to Saketi according to Soil 
Taxonomy, World Reference Base and National Classification ' "  .... 7.41 
8.1 Chemical properties of the volcanic soils in Banten ...... ... ... ........ 8.4 
8.2 The weathering index of each soils . . ..... . . ... ..... . . . . ... ... . . . ... . . . ... 8. 12 
8.3 General micromorphology of the soils in Banten ... .. . ... . .. ...... .... 8. 13 
8.4 Classification of the profiles to Banten area according to Soil 
Taxonomy, World Reference Base and National Classification ... ... . 8.15 
8.5 Land suitability classes for some agricultural crops in the study area 8.18 
XVI 
LIST OF FIGURES 
Figure 
2. t F onnation and transfonnation of clay minerals and their organic 
complexes in soils derived from volcanic ash in udic, temperate 
Page 
climate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.22 
2.2 Distribution of caldera and creater fonns in Indonesian archipelago 2.3 7 
3. 1 Location of the study area in Banten Province on the west of Java, 
Indonesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . ... ... ...... ... ... ... ... 3.2 
3.2 Geological map of Banten . . .. . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . .. . 3.4 
3.3 Potential evapotranspiration (PET) and rainfalls of Serang (Rs) and 
Anyer (Ra) . . . .. . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . .... . ... .... . . . . .. 3.10 
3.4 Potential evapotranspiration (PET) and rainfalls of Labuan CRI) and 
Menes (Rm) . . . .. .................. ...... ............... ......... .......... 3.10 
4.1 A broad outline of the pedogenetic study in Banten Province ........ 4 .2 
4. 2 Location of the selected toposequences (A=Anyer; C=Carita; 
S=Saketi) on the slope of volcanic complex in Banten . . . . . . . . . . . ... . .  4.3 
5.1 A schematic representation of soil sites and protile morphology on 
Anyer toposequence . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.2 
5.2 XRD of silt fractions from the Ap and Bt2 horizons of profile A I.  . 5. 13 
5.3 XRD of silt fractions from the Bt2 horizons of profile A2 and A3 . . .  5.14 
5.4 XRD pattern of the untreated clay of protile AI . . . . . . . . . . . . . " ... ..... 5. 1 7  
5.5 XRD pattern of t he untreated clay of profile A2 ...... ... ... .. .. .. ...... 5. 18 
5.6 XRD pattern of the untreated clay of profile A3 . . . . . .. . . . . . . . . . . . . . . 5.19 
5.7 XRD of clay fra ctions aft er DeB tr ea tm en t in th e B t2 horizons of 
Profil es A I (a), A2 (b) and A3 ( c) ... ... ......... ...... ... ...... '" ... .... 5.20 
5.8 Th e XRD pattern of th e s el ected clay in h ea ting tr eatm en ts ... ....... 5.2 1 
5.9 DTA and TG of a clay sample of the Bt3 horizon of profile A3 ..... 5.23 
5.10 SEM of a clod surface from the Bt2 horizon of protile A3 shows 
platy and crumpled layers of kaolinite (a) and' fine rods of 
halloysite (b) . . ... ... ... ... ... ...... ............ ... ...... ... ... ...... ... .... 5.24 
XVII 
5.11 The micrographs of profiles A l  show: (a) Pumice fragments (Pm) 
and opaque minerals (Op) in the Ap horizon� (b) Root section with 
excrement and clay coatings in the Bt2 horizon: (c) Clay coatings 
on planar voids and rock fragments in BO horizon . . , ... ... ... ...... ... 5.28 
5.12 Micrographs of profiles A2 and A3 show: (a) Clay coatings and 
partially stressed defonned in the Bt2 of profile A2 � (b) Pumice 
fragments (Pm) and opaque minerals (Op) in the Ap horizon of profile 
A2� (c) Clay coatings of planar voids and vughs in the Bt2 of profile 
AJ ...... '" '" ...... ......... '" '" .................. '" ...... '" ...... ... '" .... 5.29 
5.13 SEM of the coarse grains and the clod surface of profile A3 shows 
(a pumice grains in the surface horizon� (b) weathered minerals 
(wm) and mineral grains in the Bt2 horizon� and (c) clay coatings 
on clod surface of the Bt2 ... ... .... ... ... ...... ... ... ...... ... ... ... ...... 5.32 
5.14 Distribution of total clay and fine clay . . . . ....... . '" ...... '" ... ... .... 5.35 
5.15 (a) The 1 883 's pumiceous tuff deposits on Rakata island, the 
remnant of Krakatau volcano; (b) a thin soil on the pumiceous 
tuffs; (c) the micrograph of pumiceous tuffs shows dominant glass 
and some hypersthene, plagioclase and opaque minerals, PPL and 
XPL (d); (e) The SEM of the silt fractions shows elongated and 
vesicular glass; and (f) the sand fractions of the pumiceous tuffs 
consist of vesicular rounded, elongated and curve fonns of glass 
and cry stall minerals in the sand fractions ... '" .. , ... '" ... ... . ,. ... 5.38 
6. I Schematic representation of soil sites and profile morphology on 
Carita toposequence ...... ... ... '" ... ... ... '" ............ ... ... '" ... ..... 6.2 
6.2 XRD pattern of silt fractions of pro tiles CI and C3 ' " '" ... ... ... .... 6.12 
6.3 XRD pattern of the untreated clay of the profile C I ... ...... . .. ....... 6. 13 
6.4 XRD pattern of the untreated clay of the profile C2 6.14 
6.5 XRD pattern of the untreated clay of the profile C3 '" ... ... ... ... ..... 6.15 
6.6 XRD pattern of the treated clay from Ah horizon of pro tile C3 ... ... 6.16 
6.7 DTA and TG curve of the clay fraction of the Bt2 horizon profile C I... 6.18 
6.8 (a) and (b) Euhedral plagioclase (PI) and pyroxene (Py) phenocrysts 
and b'11lyish dotted glass groundmass with tine grains of plagioclase 
and iron oxides; (c) and (d) Alteration of plagioclase and 
hypersthene (Hy) to clay and amorphous materials; and (e) and (t) 
Alteration of plagioclase-feldspar (F) to clay and of olivine (0) to 
crystalline clay and amorphous materials .. ....... '" ... ... ... ... ... .. 6.20 
XVIII 
6.9 Micromorphological properties of Carita soils show: 
(a) Crumb and granular microstuctures in the Bt2 of profile Cl� 
(b) Dense infillings of channels and saprolite in the Bt2 of profile C2; 
(c) Saprolite fragments in the BC of profile C2; 
(d) Subangular blocky and crumb microstructures in the Bw I of 
profile C3; 
(e) Pumice grains in the Ah horizon of profile C3; 
(f) Alteration of the rock fragments to yellow and yellowish brown 
fine materials (f) ... ... ... ... ... ... ... ... ...... ... ... ...... ......... ... ... 6.25 
6.10 SEM of the clod surface and coarse materials of the profile C I  shows: 
(a) Crumb structure with many pores in the surface horizon; 
(b) The excrements and the cemented aggregates in the surface 
horizon; 
(c) The coarse materials in the surface horizon of profile C 1 consist 
of fibrous and curve glass; and 
(d) The coarse materials in the subsoil horizon show the rounded 
grains of minerals and pseudo silt ... ... ... ... ... ... ... ... ... ... .... 6.27 
7. I Schematic representation of soil sites and profile morpholof:,ry in 
Saketi ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 7.2 
7.2 XRD or silt fraction from the Bt2 horizons of profiles Sl and S2 ... .... 7.13 
7.3 XRD of silt fraction from the Bt2 horizons of profiles S3 and S4 ... .... 7.14 
7.4 XRD of the clay fractions from the profile S 1 and S2 ... ... ... ...... ..... 7.16 
7.5 The XRD pattern of the treated clay with Mg2+, Mi+ glycol, K+ and 
K+ 550 °C from the SD horizon of the profile S 1 ...... ..... . ... .. . . .. .... 7.17 
7.6 XRD of clay fractions from the selected horizon of profiles S3 and 
S4.................. ......... ...... ............ ... ........................ ........ 7.18 
7.7 DT A and TG of clay traction trom the surface and subsoil horizon 
ofproftle S4 ...... ...... ... ... ... ... ... ... ... ... ... ... ... ... ... ...... ... ... 7.20 
7.8 (a) and (b) Yellowish brown dotted clay with stipple speckled and 
grano striated b-fabric, quartz (Qz), mica (mc) and opaque (Op) 
minerals in the Bt2 horizon of profile C 1; 
(c) and (d) Dark brown speckled clay with undifferentiated b-fabric 
and f:,1fanostriated b-fabric on the coarse quartz grains in Bt 1 
horizon of profile S2; 
(e) and (1) Yellow limpid clay coatings on channels and yellowish 
brown speckled clay with stipple speckled and weak porostriated 
b-fabric in the Bt2 horizon of profile S2 ... ... ... ... ... ... ... ... ..... 7.25 
XIX 
7.9 (a) Crumb structure in the Ap-Bt l horizon of profile S3�. 
(b) Crumb structure with occasionaly subangular blocky and clay 
coatings in the Bt3 horizon of profile S3 ; 
(c) and (d) Subanagular blocky structure with planar voids and 
vughs in the Bw l and Bw3 horizons of profile S4; and 
(e) and (f) Pumice !:,Jfains (Pm), weathered glass (Wg) and opaque 
(Op) in the Ap horizon of pro ti le S4. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.28 
7. 1 0  A pyroxene andesite with ag\omeroporphyritic texture consists of 
euhedral and subhedral phenocrysts of plagioclase (PI), hypersthene 
(Py) and iron oxides ( 10) . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 .30 
7. 1 1  Distribution of the ratio of silt to clay and the ratio of FezOl to silt 
in Saketi soil s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.32 
7. 12 Distribution of clay and fine clay in the Saketi soils . . . . . . . . . . . . . . . . . .  7. 34 
8. 1 Relationship between phosphate retention and Feo (A) and 
phosphate retention and Alo (B)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 .7 
8.2 Relationship between phosphate retention and Fed . . . . . . . . . . . . . . . . . . . 8 .8  
8 .3 Relationship between CEC-clay and clay content . . . . . . . . . . . . . . . . . . . . .  8.9 
8.4 Correlation between dithionitecitrate Fe and CEC-c1ay . . . . . . . . . . . . . . .  8 .9 




Most soils in the Indonesian archipelago are derived from or influenced by volcanic 
materials. Therefore the distribution and the type of soils formed in this region is 
strongly affected by the age and the type of volcanic materials, topographical and 
climatic conditions. Soils derived from volcanic materials are commonly classified 
as Andisols according to Soil Taxonomy or Andosols according to World Reference 
Base. However, some studies of volcanic soils in Indonesia showed that Andisols are 
mainly found at the higher elevation of the young volcanic area. At the lower 
elevation or on the older volcanic materials the soils have developed with weak or 
without andic properties and can be classified into other soil orders, such as 
Inceptisols, Alfisols, Ultisols, and Oxisols (Buurman et al. , 1976; Subardja and 
Buurman, 1 980; Subagjo et al. , 1 984). 
In Indonesia, more than 60% of the a!:,rricultural products are the result of a!:,rricultural 
activities on the volcanic soils. The intensification and extensification of agricultural 
development programs that have been conducted by the government in this country 
have not only increased agricultural products, but have also brought some problems, 
such as, soil degradation, soil and water pollution, and other environmental quality 
problems. A basic understanding of the main soil forming factors and soil forming 
processes of the volcanic soils can be useful not only for soil classification, but also 
for investigating the consequences of agricultural activities and other land uses. 
Banten, located In  West Java, IndonesIa consIsts of sOI ls  developed on the Old 
Quaternary volcanic matenals and Pl iocene sedimentary faCies (GeologIcal Survey 
of fndonesia, 1 963 ). The sOI ls In this area have been classified as Latosols and 
Podzohc Solis according to Dudal and SoepraptohardJo ( t  957). The c1assl ticatlon 
was based on poor and nch parent materials, colour, texture, pH and occasIonal ly on 
organic matter status. ThiS s01 l  c lassification has a broad definitIOn and Impl tes that 
the c lassified soils can be found on wide areas Wlth vanous kinds of parent matenals. 
Thus a precise sod classification that IS more effiCient for land use In thiS area 
becomes necessary. 
A study of volcanic soi ls in Banten is sti l l  needed as the soils developed on the 
Quaternary volcaniC matenals in  the northern part of Banten are intensively used for 
agricultural activities. Dunng the Krakatau eruption in  1 883, the area had been 
affected by the Krakatau ash falls ( Verbeek, 1 885, Mohr, 1 944). However, the 
etfects of the Krakatau ash tai ls on the sor l  properties IS  yet unknown. Therefore, a 
detailed pedogenetlc study on the volcaniC SOi ls In Banten becomes very Important. 
The results of this study may help solve the SOI l  classification problems and gIve a 
precise gUIde tor the agncultural management. 
ThIS study emphaSIsed on the charactensatlOn and pedogenetlc aspects of volcaniC 
sods In Banten, West Java, IndoneSia The oblectlves of thIs study are 
I .  To determine the phYSIco-chemIcal, mineralogIcal and m IcromorphologIcal 
charactenstlcs of volcanic sol i s  In Ban ten, West Java, IndoneSIa, 
2 To study the genesIs of the SOI ls In relatIon to parent material, topography and 
climate, 
2 
3 .  To detennine the effects of the 1883's Krakatau ash falls on  the soil properties: 
and 
4. To classifY the soils according to Soil Taxonomy (Soil Survey Statr, 1 999) and 
the World Reference Base (lSSS-ISR1C-FAO, 1 998). 
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